Although ubiquinone, a small molecule, was discovered as early as 1957, the role of this component in the respiratory chain continues to be investigated. The indispensability of ubiquinone has been proved in many electron-transporting systems, such as those of mitochondria,1,2) chloroplasts,1,2) and bacteria. 1-5) We have purified and characterized the terminal oxidase of the respiratory chain of Photobacterium phosphoreum grown aerobically,6) but the function and structure of other components of the respiratory chain have not been clarified in this organism. It is speculated that ubiquinone is an obligatory component of the native respiratory chain, because the purified enzyme has ubiquino1-1 (Q1H2) oxidase activity.
In order to clarify the role of ubiquinone in electron transport activity, the direct removal of quinone by extraction with an organic solvent from mitochondria,7-9) submitochondrial particles,7,10) or bacterial 11,12) and examination of the activity before and after reincorporation of quinone have been carried out in many laboratories.
In this paper, we identify the quinones of the respiratory chain of P. phosphoreum, report the results of experiments on quinone-depletion and reincorporation, and discuss the function of ubiquinone in the electron-transport system of P. phosphoreum. ion at m/z 726 and this value indicated that the material was ubiquinone-8 (Q-8) (Fig. 1) . The base peaks in the spectrum at m/z 235 and 197 can be attributed to the formation of a stable ion in which all but four and one of the carbon atoms of the isoprenoid side chain have been lost, respectively. In Fig. 2 , the MS of the naphthoquinone fraction, containing two compounds, is shown; characteristic fragmentation patterns of menaquinone-8 (MK-8) and demethylmenaquinone-8 (DMK-8) are apparent. The strong peaks at m/z 702 and 716 correspond to molecular ions of DMK-8 and MK-8, respectively. The base peaks were also observed at m/z 211 and 225, and are derived from the naphthoquinone nucleus. The sequential degradation of the isoprene side chain can be seen ( Figs. 1 and 2) . Moreover, when each naphthoquinone separated by reversed-phase TLC was examined by mass spectroscopy, peaks at 702 and 211 were assigned to the larger Rf fraction (Rf= 0.34), and peaks at 716 and 225 to the smaller Rf fraction (Rf= 0.27) (data not shown). It was concluded that the smaller Rf compound was MK-8, and the other compound was DMK-8. The contents of cytochromes and quinones of sonicated membrane vesicles prepared from P. phosphoreum are indicated in Table I . The content of ubiquinone was about 4 times that of cytochrome d (molar ratio). The contents of DMK-8 and MK-8 were only 32% and 7%, respectively, of that of Q-8.
Depletion of Quinones
We tried to remove quinones from the lyophilized particles of P. phosphoreum with various organic solvents. Neither n-pentane (Table II) , n-hexane, nor isooctane could extract the quinones completely (not shown), and thus 20%-30% of the activity of NADH oxidase was always retained after the solvent treatment. About 90% of ubiquinone, menaquinone, and demethylmenaquinone were extracted with acetone, and the activity of NADH oxidase decreased to below 10%. However, the NADH oxidase activity of the membrane extracted with acetone was restored by the addition of Q-8 to only a half of the activity of the original membrane vesicles (data not shown). Since the NADH dehydrogenase activity was reduced by extraction of acetone (Table II) , it is suggested that the activity of NADH oxidase could not be restored completely because of the impairment of the dehydrogenase.
Furthermore, n-pentane containing various concentrations of acetone could deplete quinones more efficiently than n-pentane alone, and NADH oxidase activity disappeared almost completely on extraction with n-pentane containing acetone. The extraction with pentane-acetone (9 : 1) was more efficient than that with pentane-acetone (19: 1), but the efficiency of extraction decreased on increasing the concentration of acetone in the n-pentane (pentane-acetone (4: 1)). On the other hand, cytochrome oxidase activity (Q1 H2 oxidase) was retained almost completely after extraction with n-pentane containing acetone (Table II) . Therefore, in our experiment, pentane-acetone (9 : 1) was used for extraction of quinones from the membrane. The NADH-Q1 oxidoreductase activity of the quinone-depleted membrane was the same as that of control membrane vesicles. NADH-ferricyanide dehydrogenase activity was not altered by the extraction. These results indicate that the intrinsic quinone is not required for these activities, except the NADH oxidase activity.
Reincorporation of Quinones
First we tried to use the method of Stroobant and Kaback.25) The procedure is carried out by the addition of ubiquinone dissolved in the aprotic solvent dimethyl sulfoxide. This method, used on Escherichia coli membrane vesicles, was not suitable for our experiments, because NADH oxidase activity was restored to no more than 30% as compared with that of the control membrane.
In order to reincorporate quinone successfully, a freeze-thaw-sonication method23) was used. This method can be carried out quickly, since complete removal of the organic solvent is (Table  III) or lyophilized membrane (data not shown).
Discussion
We have purified the terminal oxidase (cytochrome bd complex) of the aerobic respiratory chain of P. phosphoreum to near homogeneity and characterized it6) The purified cytochrome bd complex showed Q1 H2 oxidase activity, and the kinetic study indicated that the Km and Vmax values for the Q1 H2 oxidase activity of the purified enzyme were the same as those of the sonicated membrane vesicles. These findings suggest that the physiological electron mediator is ubiquinone.
We first examined the quinones contained in P. phosphoreum. Q-8, DMK-8, and MK-8 were identified. Facultative aerobes, such as E. coli, often have three kinds of quinones (Q, MK, and DMK), and ubiquinone is essential to the function of electron transport of the aerobic respiratory chain. MK and DMK are involved in the anaerobic respiratory chain and the synthesis of uracil, as it was reported. 3, 16) Depletion and reincorporation of quinones were performed to establish their function in aerobic electron transport. This has also been done in the case of Azotobacter vinerandiii" by the method described by Szarkowska.9 Although P. phosphoreum is also a gram-negative bacterium, we could not achieve the complete extraction of quinones from the organism by the method of Szarkowska. A similar observation was reported for Pseudomonas aeruginosa.27) From our results, it is necessary to use n-pentane containing acetone as the extracting solvent for complete extraction of quinones. Although the procedure of Stroobant and Kaback25) was used for the reconstitution, complete restoration of activity was not obtained. Thus, we tried a freeze-thaw-sonication method.23) With this procedure, activity about equal to that of the control membrane was obtained. Three kinds of quinones were contained in P. phosphoreum, but the restoration of NADH oxidase activity was achieved only by the addition of Q-8. These results imply that Q-8 is a component of the aerobic respiratory chain, and the other quinones are not.
